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(57) ABSTRACT 

A cellular radio communication system having base stations 
constructed in the form of a daisy chain and a method of 
controlling data transmission using the system whereby data 
communications with a plurality of base stations as well as 
data communications among the respective base stations can 
be performed using a single base station controller and 
shared transmission lines in a specified area wherein , 
expressways or railroads are constructed. The system 
includes a base station controller provided in a specified 
region of a determined service area, and a plurality of base 
stations linked in series to the base station controller through 
trunk lines. 

14 Claims, 4 Drawing Sheets 
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CELLULAR RADIO COMMUNICATION 
SYSTEM HAVING BASE STATIONS 
CONSTRUCTED IN THE FORM OF A DAISY 
CHAIN AND METHOD OF CONTROLLING 
DATA TRANSMISSION USING THE SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a cellular radio commu- 
nication system having base stations constructed in the form 
of a daisy chain and a method of controlling data transmis- 
sion using the system. In particular, the present invention 
relates to a cellular radio communication system having base 
stations constructed in the form of a daisy chain and a 
method of controlling data transmission using the system 
whereby data communications with a plurality of base 
stations as well as data communications among the respec- 
tive base stations can be performed using a single base 
station controller and shared transmission lines in a specified 
area wherein expressways or railroads are constructed, and 
wherein the traffic amount is relatively small, but the whole 
service area is relatively large in comparison to a thickly- 
populated downtown area. 

2. Discussion of the Related Art 

Generally, cellular radio communication systems have 
been developed in preferential consideration of downtown 
areas having relatively a large amount of telephone traffic. 
Accordingly, the form of each cell has mainly been designed 
as a star type. At the center of such a star type cell is 
provided a base station controller which is linked to a 
plurality of base stations through dedicated trunk lines of the 
corresponding base station. 

However, due to the continuous development of the 
mobile radio communication techniques, the number of 
subscribers of the mobile radio communication networks 
have been continuously increased. Under the circumstances, 
the subscribers demand that they achieve call communica- 
tions anywhere in their country or in specified areas. 
Practically, the call communications between the subscribers 
of the mobile radio communication networks have been 
abruptly increased especially during their travels by trains or 
by taking highway. Accordingly, researches and efforts to 
extend the whole service area of the radio communication 
system with a short construction period and an inexpensive 
maintenance have been continuously made by industrialists 
of the radio communication system. 

However, if the conventional star type cell is applied to 
the area in which expressways or railroads are constructed, 
and in which the traffic amount is relatively small, but the 
whole service area is relatively large in comparison to a 
thickly-populated downtown area, the service effectiveness 
is not so good in contrast with the expenses invested in 
equipment of the communication system. 

Considering the above-described circumstances, if a cel- 
lular radio communication system is employed, whereby 
data communications with a plurality of base stations as well 
as data communications among the respective base stations 
can be performed using a single base station controller and 
a single shared transmission line in a specified area wherein 
expressways or railroads are constructed, and in which the 
traffic amount is relatively small, but the whole service area 
is relatively large in comparison to a thickly-populated 
downtown area, the expenses of equipping and maintaining 
the communication system as well as the construction period 
will be greatly reduced. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is directed to a cellular 
radio communication system having base stations con- 
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structed in the form of a daisy chain and a method of 
controlling data transmission using the system that substan- 
tially obviates one or more of the problems due to limitations 
and disadvantages of the related art. 

5 An object of the present invention is to provide a cellular 
radio communication system having base stations con- 
structed in the form of a daisy chain whereby data commu- | 
nications with a plurality of base stations as well as data 
communications among the respective base stations can be 

10 performed using a single base station controller and shared 
transmission lines in a specified service area that is relatively 
large in comparison to a downtown area. 

Another object of the present invention is to provide a 
method of controlling data transmission which can heighten 

15 the transmission efficiency of the whole data by arbitrating 
the output of data produced from its own base station 
provided in a cellular radio communication system having 
base stations constructed in the form of a daisy chain and the 
output of data to be transmitted from a plurality of lower 

20 base stations to upper base stations. 

Additional features and advantages of the invention will 
be set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by 

25 practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the 
structure particularly pointed out in the written description 
and claims hereof as well as the appended drawings. 
To achieve these and othef advantages and in accordance 

30 with the purpose of the present invention, as embodied and 
broadly described, the cellular radio communication system 
having base stations constructed in the form of a daisy chain, 
comprises a base station controller provided in a specified 
region of a determined service area, and a plurality of base 

3S stations linked in series to the base station controller through 
trunk lines, wherein data communications between the base 
station controller and each of the base stations and data 
communications among the base stations are performed 
through the trunk lines. 

40 It is preferable that each of the base stations provided in 
the cellular radio communication system according to the 
present invention has a data transmission control device 
which comprises a first interface for matching a voltage 
level of data, which is transmitted from a lower base station 

45 through the trunk line, to its own base station, a second 
interface for matching a voltage level of data, which is 
transmitted to an upper base station or to the base station 
controller, to the trunk line, a packet bus for receiving and 
transmitting input data to an internal processor board pro- 

50 vided in its own base station and outputting data generated 
from its own base station, a lower channel memory for 
storing the data outputted from the first interface and 
exchanging data with the packet bus if necessary, a daisy 
channel memory for storing data identical to that stored in 

55 the lower channel memory if the data outputted from the first 
interface is to be transmitted to the upper base station, an 
upper channel memory for storing the data generated from 
its own base station if the data is to be transmitted to the 
upper base station, and an arbitrator for performing arbitra- 

60 tion so that the data stored in the daisy channel memory 
and/or the upper channel memory is selectively outputted 
through the trunk line. 

In another aspect of the present invention, there is pro- 
vided a method of controlling data transmission in a cellular 

65 radio communication system having a base station controller 
provided in a determined service area and a plurality of base 
stations constructed in the form of a daisy chain and linked 
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in series to the base station controller through trunk lines, the controller 11. Accordingly, if a number of subscribers try to 

method comprising the steps of storing a first data transmit- perform data transmission simultaneously, such data com- 

ted from a lower base station and a second data to be munication is limited in accordance with the number of 

outputted from its own base station if the data is transmitted subscribers and the capacity of the system, 

from its own base station to an upper base station or to the 5 Also, if the above-described star type cell is constructed 

base station controller, discriminating whether the data to be m the specified area where expressways or railroads are 

transmitted to the upper base station or to the base station installed, the actual service effectiveness will be not so good 

controller exists at least in one memory provided in its own m comparison to the expenses invested in equipment of the 

base station, and performing arbitration so that the respec- communication system 

live stored data are selectively outputted in accordance with 10 nG 2 fc , b , ock dia illustratj the linked state of 

the frequency of assert signals produced from its own base base ^ a base 6 slation in , cellu , ar radk) 

station if it is discriminated that the data to be transmitted . . 4 4 . 

. , . , . communication system according to the present invention. 

exists at least in one memory. c . J ° r 

Ti . . . , . . . . , Referring to FIG. 2, the cellular radio communication 

It is to be understood that both the foregoing general tem acc0fdin tQ the { mventioa mdudes a ba&e 

description and the following detaUed description are exem- « statkm controller 21 ovided m a cified and 

plary and explanatory and are intended to provide further a luralit of base stations 22 tQ 24 liflked in sefies (0 ^ 

explanation of the mvention as claimed. base slatioQ controller 21 ^ough shared trunk lines. Here, 

BRIEF DESCRIPTION OF THE DRAWINGS ^ base station ™>ller 21 may be positioned anywhere in 

2Q the service area, but it is preferable that it is located at the 

The accompanying drawings, which are included to pro- uppermost position of a daisy chain, 

vide a further understanding of the invention and are incor- Each of the base stations in the cellular radio communi- 

porated in and constitute a part of this specification, illustrate cation system according to the present invention has a data 

embodiments of the invention and together with thedescrip- transmission control device as shown in FIG. 3. This data 

tion serve to explain the principles of the invention: 25 transmission control device includes an interface 31 for 

In the drawings: matching a voltage level of data, which is transmitted from 

FIG. 1 is a block diagram illustrating base stations linked a lower base station 24 throu S h the tmnk line 39 ' t0 its 0WD 

to a base station controller in a typical star type cellular radio base statl0n ^ m interface 32 for matching a voltage level 

communication system °^ data » wmcn k transmitted to an upper base station 22, to 

FIG. 2 is a block diagram illustrating the linked state of 30 ^f to* > * P^ket bus35 for receiving and transmitting 

base stations and a bast station controller in the cellular ZlS nl ow^hTL^ in^f H '"^ 

i • . . j ■ « . provided in its own base station 23 if required, and receiving 

nu)» communicatmn system accord.ng to the present inven- ^ provided from ^ ^ a ^ 

channel memory 37 for storing the data outputted from the 

FIG. 3 is a block diagram of the data transmission control 35 interface 31 and exchanging data with the packet bus 35 if 

device according to the present invention. necessary, a high level data link controller (HDLC) 33 for 

FIG. 4 is a block diagram of the arbitrator in FIG. 3. converting a frame format of the data provided from the 

FIGS, 5A to 5F are timing diagrams explaining the lower channel memory 37 or the interface 31 into a serial/ 

operation of the arbitrator in FIG. 3. parallel format to output the format-converted data, a daisy 

40 channel memory 38 for storing data identical to that stored 

DETAILED DESCRIPTION OF THE in the lower channel memory 37 if the data outputted from 

PREFERRED EMBODIMENT the interface 31 is to be transmitted to the upper base station 

n c .„ L 22 > m u PP er cnan " e l memory 36 for storing the data 

Reference will now be made in detail to the preferred aled from its own base station 23 if the d * a fa tQ be 

embodiments of the present invention, examples of which transraitted t0 lhe upper base station 22> an arbitrator 39 for 

are illustrated in the accompanying drawings. performing arbitration so that the data stored in the daisy 

FIG. 1 is a block diagram illustrating base stations linked channel memory 38 and the upper channel memory 36 are 

to a base station controller in a typical star type cellular radio selectively outputted through the trunk line, and a high level 

communication system. data link controller 34 for converting a frame format of the 

Referring to FIG. 1, in the conventional star type cellular 50 data provided from the arbitrator 39 or the interface 32 into 

radio communication system, a cell employed in a specified a serial/parallel format to output the format -converted data, 

communication service area is constructed so that a base Here, as shown in FIG. 4, the arbitrator 39 comprises a 

station controller 11 is provided at the center position of the timer 41 for generating a reference clock signal, a controller 

whole cell, and a plurality of base stations 12 to 14 are linked 42 for receiving the reference clock signal from the timer, 

to the base station controller 11 through trunk lines in a 55 and outputting a read signal UPCha.Ast/DaisyAst for selec- 

one-to-one manner. Accordingly, the base station controller tively reading out data from one of the upper channel 

11 transmits a call setup demand signal or a release signal to memory 36 and the daisy channel memory 38 in accordance 

the respective base stations 12 to 14, while the respective with the frequency of the assert signals of the memories 36 

base stations 12 to 14 transmit a response signal to the call and 38 if the data to be transmitted is stored in the daisy 

setup demand signal inputted from the base station control- 60 channel memory 38 and the upper channel memory 36, and 

ler 11 or a loading request signal. a multiplexer 43 for controlling the output of the data stored 

Since the respective base stations 12 to 14 are linked to in the upper channel memory 36 and the daisy channel 

the base station controller 11 in the one-to-one manner, memory 38 in accordance with the read signal outputted 

communications therebetween can be effected any time. On from the controller 42. 

the contrary, in case of data communication between the 65 The data transmission control operation of the cellular 
respective base stations 12 to 14, it cannot be effected radio communication system having base stations con- 
directly, but can be effected by arbitration of the base station structed in the form of a daisy chain according to a preferred 
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embodiment of the present invention will be explained with 
reference to FIGS. 2 to 4. 

In the embodiment of the present invention, the base 
stations 23, 24, and 22 in FIG. 2 are defined as its own base 
station, the lower base station, and the upper base station, 
respectively. The number of base stations 22 to 24 may be 
expanded if required. 

In case of transmitting data from its own base station 23 
to the upper base station 22, the data stored in the base 
station 23 may be classified into two. One is the data 
transmitted from the lower base station 24, and the other is 
the data produced from its own base station 23. 

First, the data transmitted from the lower base station 24 
through the trunk line 39 is inputted to the interface 31, and 
the voltage level of the input data is matched to the base 
station 23 through the interface 31. The data outputted from 
the interface 31 is in a serial data format, is then converted 
into a parallel data format by the high level data link 
controller 33. Thereafter, the data outputted from the high 
level data link controller 33 is simultaneously stored in the 
lower channel memory 37 and the daisy channel memory 38. 

At this time, if the data transmitted from the lower base 
station 24 refers to the communication between the two base 
stations 23 and 24, the data is not stored in the daisy channel 
memory 38, but is directly stored in the lower channel 
memory 37. The data stored in the lower channel memory 37 
is then transmitted to required internal processor boards 
through the packet bus 35. 

Meanwhile, if the data produced from its own base station 
23 is to be transmitted to the upper base station, it is stored 
in the upper channel memory 36 through the packet bus 35. 

If the data produced from its own base station 23 is to be 
transmitted to the lower base station 24, the data is not stored 
in the upper channel memory 36, but is directly stored in the 
lower channel memory 37. The data stored in the lower 
channel memory 37 is then transmitted to the high level data 
link controller 33 to be transmitted to the lower base station 
24. 

As described above, the data to be transmitted to the upper 
base station 22 may be stored in both the upper channel 
memory 36 and the daisy channel memory 38, or may be 
stored in either of them. 

The arbitrator 39 identifies the data to be transmitted to 
the upper base station by checking the state of frame empty 
flags or frame exist flags of the two memories 36 and 38. If 
the data is stored in either of the memories, the arbitrator 39 
selects the memory in which the data is stored in accordance 
with the frequency of the respective assert signals produced 
from its own base station 23 to output the data from the 
memory, 

However, if the data is stored in both the two memories 
36 and 38, the arbitrator 39 selects one of the memories 36 
and 38 at predetermined intervals in accordance with the 
frequency of the respective assert signals to output the data 
from the selected memory. 

The operation of the arbitrator 39 will be explained in 
more detail with reference to FIGS. 4, 5A to 5F. 

The timer 41 in the arbitrator 39 produces the reference 
clock signal to the controller 42. The controller 42, as shown 
in FIGS. 5C and 5D, checks the state of the frame empty 
flags or the frame exist flags of the daisy chain memory 38 
and the upper channel memory 36. In other words, the 
controller 42 identifies if the number of the frame empty 
flags or the frame exist flags of the daisy chain memory 38 
and the upper channel memory 36 is more than/less than a 
predetermined number. 
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At this time, the controller 42, as shown in FIGS. 5A and 
5B, outputs to the multiplexer 43 the channel read signals 
UPCha.Ast/DaisyAst (See FIGS. 5E and 5F.) for selectively 
reading one of the data produced from the lower base station 
24 and the data produced from its own base station 23 in 
accordance with the frequency of the assert signals provided 
from its own base station 23. 

In the embodiment of the present invention, the frequency 
of the assert signals is determined in two methods. 

One method is to fix the frequency of the assert signals in 
accordance with the number of the lower base stations under 
the condition that the amounts of data of the respective base 
stations 22 to 24 are equal to one another. 

If lower base stations of n-1 are linked to its own base 
station, the frequency of the assert signals for reading the 
data from the lower base station and that for reading the data 
of its own base station are determined at the rate of (n-1) to 
1 in the event that the frequency of the whole assert signals 
is n. This method does not consider the traffics of the 
respective base stations, but fixedly determines the fre- 
quency in accordance with the number of base stations. 
Accordingly, this method has the advantage of easy imple- 
mentation and easy maintenance, but has the defect of 
occurrence of queuing delay in case that the traffic devia- 
tions among the respective base stations are severe. 

The other method overcomes the problem of the above- 
described method. This method is to get the statistics of the 
traffics of the respective base stations 21 to 24 by means of 
the base station controller 21 and provides the variable 
frequency of the assert signals to the respective base sta- 
tions. According to this method, since the frequency of the 
assert signals is varied in accordance with the traffics of the 
respective base stations, the assert signals S-Ast/DaisyAst 
for reading the data are outputted in accordance with the 
weighted values of the data stored in the daisy channel 
memory 38 and the upper channel memory 36. 

Accordingly, the arbitrator 39 performs arbitration so that 
either the data D100 transmitted from the lower base station 
24 or the data D200 produced from its own base station 23 
is selectively outputted, 

Meanwhile, if it is checked by the arbitrator 39 that the 
data is stored in either of the daisy chain memory 38 and the 
upper channel memory 36, the arbitrator 39 operates in the 
same manner as the case that the data is stored in both the 
daisy chain memory 38 and the upper channel memory 36 as 
described above. However, in this case, the actually output- 
ted data is the one stored in one memory. 

Accordingly, the arbitrator 39 performs arbitration so that 
either the data D100 transmitted from the lower base station 
24 or the data D200 produced from its own base station 23 
is continuously outputted. 

The data outputted through the arbitrator 39 is in the 
parallel format, and is then converted into the serial format 
by the high level data link controller 34. Thereafter, the 
serial data outputted from the high level data link controller 
34 passes through the interface 32 with its voltage level 
matched to its own base station, and then transmitted to the 
upper base station 22. In the embodiment, the base station 22 
is first linked to the base station controller 21, and thus the 
data from the base station 22 is transmitted to the base 
station controller 21. 

Meanwhile, if the data from the base station 23 is to be 
transmitted to the lower base station 24, the data to be 
transmitted is stored in the lower channel memory 37 
through the packet bus 35, and then transmitted to the lower 
base station 24 through the trunk lines, after passing through 
the high level data link controller 33 and the interface 31. 
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As described above, according to the present invention, 
data communications with a plurality of base stations and 
data communications between the respective base stations 
can be achieved using a single base station controller and 
shared transmission lines in a specified service area where 5 
expressways or railroads are constructed. Also, in transmit- 
ting the data produced from its own base station and the data 
produced from the lower base station to the upper base 
station, arbitration is performed so that the data is selectively 
transmitted in accordance with the traffics of the respective 1Q 
base stations. 

From the foregoing, it will be apparent that the cellular 
radio communication system according to the present inven- 
tion provides the advantages in that it can reduce the 
expenses of equipping and maintaining the system as well as 15 
its construction period since the system can be applied to the 
service area in which expressways or railroads are con- 
structed and in which the traffic amount is relatively small, 
but the whole service are is relatively large in comparison to 
a thickly-populated downtown area. Also, the present inven- 20 
tion can heighten the transmission efficiency of the whole 
data by arbitrating the output of the data from its own base 
station. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the cellular 2 5 
radio communication system having base stations con- 
structed in the form of a daisy chain and a method of 
controlling data transmission using the system of the present 
invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention 30 
cover the modifications and variations of this invention 
provided they come within the scope of the appended claims 
and their equivalents. 

What is claimed is: 

1. A cellular radio communication system having base 35 
stations constructed in the form of a daisy chain, comprising: 

a plurality of base stations linked in series to a base station 

controller through trunk lines; 
the base station controller located at an uppermost posi- 
tion in the daisy chain; wherein each of the base 40 
stations has a data transmission control device for 
processing data from a lower base station or its own 
base station and selectively outputting the processed 
data to an upper base station or the base station con- 
troller through the trunk line, wherein at least one of the 45 
data transmission control devices comprises, 
a packet bus that receives and transmits input data to an 
internal processor board provided in its own base 
station and outputs data generated from its own base 
station, 50 
a lower channel memory that stores the data outputted 
from the lower base station through the trunk line 
and exchanges data with the packet bus if necessary, 
a daisy channel memory that stores data identical to 
that stored in the lower channel memory if the data 55 
outputted from the lower base station is to be trans- 
mitted to the upper base station, 
an upper channel memory that stores the data generated 
from its own base station if the data is to be trans- 
mitted to the upper base station, and 60 
an arbitrator that performs arbitration so that the data 
stored in the daisy channel memory and/or the upper 
channel memory is selectively outputted through the 
trunk line. 

2. The cellular radio communication system as claimed in 65 
claim 1, wherein each of the data transmission control 
devices comprises: 
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a first interface for matching a voltage level of data, which 
is transmitted from the lower base station through the 
trunk line, to its own base station; and 

a second interface for matching a voltage level of data, 
which is transmitted to the upper base station or to the 
base station controller, to the trunk line. 

3. The cellular radio communication system as claimed in 
claim 2, wherein the data transmission control device further 
comprises: 

first and second data link controllers, connected between 
the first interface and the lower channel memory and 
between the second interface and the arbitrator, 
respectively, for converting a frame format of the input 
data into a serial/parallel format to output the format- 
converted data. 

4. The cellular radio communication system as claimed in 
claim 2, wherein the arbitrator comprises: 

a timer for generating a reference clock signal; 

a controller for receiving the reference clock signal gen- 
erated from the timer, and outputting a read signal for 
selectively reading out the data from one of the upper 
channel memory and the daisy channel memory in 
accordance with the frequency of the assert signals of 
the upper channel memory and the daisy channel 
memory if the data to be transmitted is stored in the 
daisy channel memory and the upper channel memory; 
and 

a multiplexer for controlling the output of the data stored 
in the upper channel memory and the daisy channel 
memory in accordance with the read signal outputted 
from the controller. 

5. The cellular radio communication system as claimed in 
claim 2, wherein if the data produced from its own base 
station is to be transmitted to the lower base station, the data 
is stored only in the lower channel memory, and then 
transmitted. 

6. A method of controlling data transmission in a cellular 
radio communication system having a base station controller 
provided in a determined service area and a plurality of base 
stations constructed in the form of a daisy chain and linked 
in series to the base station controller through trunk lines, the 
method comprising the steps of: 

storing a first data transmitted from a lower base station 
and a second data to be outputted from its own base 
station if the data is to be transmitted from its own base 
station to an upper base station or to the base station 
controller; 

discriminating whether the data to be transmitted to the 
upper base station or to the base station controller exists 
at least in one memory provided in its own base station; 
and 

performing arbitration so that the respective stored data 
are selectively outputted in accordance with the fre- 
quency of assert signals produced from its own base 
station if it is discriminated that the data to be trans- 
mitted exists at least in one memory. 

7. The method of controlling data transmission as claimed 
in claim 6, further comprising the steps of: 

matching the first data to its own base station before the 

data storing step; and 
converting a frame format of the data into a parallel 

format. 

8. The method of controlling data transmission as claimed 
in claim 6, wherein the discriminating step is performed 
utilizing the state of frame empty flags or frame exist flags 
identified from the memories for storing the data, respec- 
tively. 
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9. The method of controlling data transmission as claimed 
in claim 6, wherein the frequency of the assert signals is 
determined by values preset in accordance with positions of 
the respective base stations. 

10. The method of controlling data transmission as 5 
claimed in claim 9, wherein if lower base stations of n-1 are 
linked to its own base station, the frequency of the assert 
signals for reading the data from the lower base stations and 
that for reading the data of its own base station are deter- 
mined at the rate of (n-1) to 1 in case that the frequency of 
the whole assert signals is n. 10 

11. The method of controlling data transmission as 
claimed in claim 6, wherein the frequency of the assert 
signals is varied in accordance with a traffic amount of the 
respective base stations constructed in the form of a daisy 
chain. 35 

12. The method of controlling data transmission as 
claimed in claim 6, wherein the respective base stations 
report their own traffic channel information to the base 
station controller at predetermined intervals, respectively. 

13. A cellular radio communication system having base 20 
stations constructed in the form of a daisy chain, comprising: 

a base station controller; and 

a plurality of base stations linked in series to the base 
station controller through a trunk line, wherein each of 
the base stations has a data transmission control device 25 
for processing data from a lower base station or its own 
base station and selectively outputting the processed 
data to an upper base station or the base station con- 
troller through the trunk line, wherein each of the data 
transmission control devices comprises: 3Q 
a bus for receiving and transmitting input data to an 
internal processor provided in its own base station 
and transmitting output data generated from its own 
base station; 
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a first channel memory coupled to the bus that stores 
first data outputted from the lower base station; 

a second channel memory that stores second data 
identical to that stored in the first channel memory if 
the first data is to be transmitted to the upper base 
station; 

a third channel memory that stores third data generated 
from its own base station if the third data is to be 
transmitted to the upper base station; and 
an arbitrator that performs arbitration so that the second 
and third data stored in the second channel memory 
and/or the third channel memory is selectively out- 
putted through the trunk line. 
14. The cellular radio communication system of claim 13, 
wherein the arbitrator comprises: 

a timer that generates a reference clock signal; 
a controller that receives the reference clock signal gen- 
erated from the timer, and outputs a read signal for 
selectively reading out from one of the third channel 
memory and the second channel memory in accordance 
with the frequency of the assert signals of the third 
channel memory and the second channel memory if the 
output data to be transmitted is stored in the second 
channel memory and the third channel memory; and 
a selector that controls the output of the second and third 
data stored in the second channel memory and the third 
channel memory in accordance with the read signal 
outputted from the controller. 

***** 
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